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Most of the information now available for any attempt to understand how 
muscle contracts has been  obtained from studies on  the  skeletal muscles  of 
vertebrate animals, in which the fibres are cross-striated. This striation is the 
property  of  the  contractile elements,  the  myofibrils, and  some recent  work 
(4-6,  10-13)  has shown that its main features are due to the manner in which 
two kinds of protein filaments are  arranged inside the fibril. Many muscles, 
however,  are  not  cross-striated,  and  this  must  mean  that  their  contractile 
elements are differently constructed and that their mode of contraction may 
be different. Very little is known about the structure of these so called smooth 
muscles, and electron microscopy (7,  16,  25)  has not yet elucidated the de- 
tails of filament arrangement or the changes taking place during contraction. 
There is one type of smooth muscle fibre, found in many different groups 
of  invertebrate  animals  (platyhelminths,  nematodes,  annellds,  sipuncufids, 
echinoderms, molluscs) which, in the light microscope, has a  very interesting 
appearance often referred to as "double oblique striation": the fibre exhibits 
a  regular lattice of fine lines oriented obliquely to its axis. The fibres in the 
body wall of earthworms are of this type, and their structure is the subject 
of this paper.  Specifically the arrangement of the smooth myofibrils inside the 
fibre,  resulting in  its  double  oblique  striation  will be  described,  and a  pre~- 
liminary account of the  arrangement of protein  filaments in  the fibrils will 
be given. It has been found that although A  and I  bands are absent,  struc- 
tures believed to be comparable to Z  and M  lines are present. The 0bserva: 
tions have been made by phase  contrast light mlcroscopy and  electron mi: 
croscopy. 
The muscles which an earthworm uses in locomotion lie in the body walll 
where they are arranged in two concentric coats, a  thin outer Coat consisting 
of fibres with their long axes at right angles to the axis of the worm, and a 
much thicker inner coat of longitudinal fibres (24).  The present studies have 
all been made on the longitudinal muscles, where each fibre is ribbon-shaped 
and lies with one edge attached to a radial connective tissue septum, and the 
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other edge amongst loose connective tissue  (1,  24)  (Text-fig.  1).  The  radial 
septa are continuous along  the body of the  worm,  and  are connected with 
the rest of the skeletal system; thus,  when  the septa are deformed by con- 
traction  of  the  muscle fibres  attached  hterally  to  them,  the  shape  of  the 
whole worm is changed (1). 
Previous descriptions of annelid muscle fibres with double oblique striation 
are incomplete,  even when they concern structure resolvable by light micros- 
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T~x~-FIo. 1. Diagram of a transverse section through the body wall of an earthworm, from 
the cuticle (C) on the outside to the coelomic lining on the inside. CM, circular muscle coat; 
LM, longitudinal muscle coat; F, muscle fibre; S, radial connective tissue septum. 
copy; no account of finer  structure has yet been published. The appea~nce 
of the fibres  in transverse section  has been adequately described (reviews in 
references 21 and 24), but there is confusion about the relationship of the 
structures seen in these cross-sections  to those visible  in intact fibres  or in 
longitudinal sections  (review in reference  21) in which a fine  lattice  of oblique 
lines has been observed. This lattice  (the double oblique striation)  was first 
found in .drcn{co/~  by Mettenheimer  (17),  and Schwalbe (23) later  described 
it in Lumb~c~s. The most recent studies  on annclid muscles of this  type were 
made by Plenk (18-20) and Prenant (21).  Plenk at first  concluded  that the 
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that  the  oblique  lines  were  the  "fibril  lamellae"  visible  in  cross-sections. 
Prenant agreed  with  this  interpretation, but  considered  that  normally the 
lines are longitudinal, and only become oblique when the fibre is distorted. 
Much more is known about the  structure of molluscan muscle fibres with 
double  oblique  striation.  The  literature  on  this  subject  is  large  and  con- 
troversial  (some  of  it  is reviewed in reference 22),  and here  it  will only be 
mentioned that  Marceau  (15)  and others  concluded that  the  fibre contains 
helically arranged fibrils, accounting for the lattice-like appearance seen when 
two sides of the helix are in view at the same time. Engelmann (2) was prob- 
ably the first to notice that the angles within the lattice are different in ex- 
tended and contracted fibres: the pitch of the helix changes with fibre length, 
being slower in extended than in shortened fibres. 
The nomenclature used in this paper needs to be defined. Text-figs. 1 and 2 show which 
structures are called fibres and which fibrils. In some earlier accounts, the musclefrbre  has been 
called a lameila (1, 21) or a column (see reference 24). The two rlbbon-shaped halves of the 
fibre, as seen in cross-section (Text-fig. 2 a) have also previously been referred to as fibres (see 
reference 24). The fibrils  have sometimes been named elements or fibril plates (see reference 
24) or fibril lamellae (18-20). 
Materials and Methods 
The observations were made on the fibres in the longitudinal muscle coat of the body wall 
of Lumbricus ttrreslris (L.). 
Intact fibres were isolated from fresh or formaldehyde-fixed or glycerol-extracted tissue, 
either by teasing the muscles with needles, or by using a small blendor, and they were examined 
in a phase contrast system or in polarised light with an objective of N.A. 1.3. The tissue was 
prepared for glycerol extraction, or for fixation, by pinning  sheets of body wall onto pieces of 
polythene with hedgehog quills, thus avoiding contamination  with heavy metals. The method 
of glycerol extraction has been described elsewhere (3). (When muscles have been prepared in 
this way, they can be made to contract by treating them with adenosinetriphosphate, and the 
structural changes can be examined under the microscope.) The formaldehyde solution (5 per 
cent) was made by diluting neutralised formalin with neutral buffered salt solution. This salt 
solution, which was also used for suspending isolated fresh or glycerol-extracted fibres, was 
composed of 0.1 ~ KCI2 10  -s u MgCI2 and 0.0067 ~ neutral phosphate buffer. 
Isolated fibres were broken up into smaller fragments in a blendor. These were examined by 
ligh  t  microscopy. The fragments from formaldehyde-fixed fibres were examined by electron 
microscopy also, after they had either been stained with phosphotungstic acid (to enhance 
their visibility against the background of the preparation)  or shadowed with gold-palladium 
alloy. 
Sectioned fibres, prepared from tissue fixed in formaldehyde and imbedded in paraffan, were 
examined in the phase contrast microscope after the solid paraffin had been removed and the 
sections mounted in liquid paraffin. Sections for electron microscopy were prepared  from 
methacrylate-imbedded blocks of tissue (fresh or glycerol-extracted) fixed either in formalde- 
hyde for about 18 hours or in 1 per cent osmium tetroxide (buffered with veronal-aeetate at 
pH 7.4) for 6 hours. After fixation the material was stained with buffered aqueous I per cent 
phosphotungstic acid, pH 5.4, for about 12 hours. 
Solutions of adenosinetriphosphate were made from the sodium,  salt which was dissolved 
in water, neutralised, and then diluted to 10  -s M  with 0.1 ~t KCI buffered at pH 7.0. 114  SMOOTH  MUSCLE  FIBRES  IN  EARTHWORM 
RESULTS 
1. General Anatomy of the Fibre 
The fibre has the shape of a ribbon (Figs.  1 and 2) with tapered ends. The 
length of the extended fibre is variable and may be as much as 2 or 3 ram. 
The  distance  from  edge  to  edge  of  the  ribbon--called  its  width--is  about 
20/~, and the thickness of the ribbon is 2 to 5 ~  in the middle, but it tapers 
to either edge  (Text-fig. 2 a  and  Fig.  2).  The contractile part of the fibre is 
covered with a  thin layer of undifferentiated sarcoplasm to which the mito- 
chondria are  confined; they have been identified in electron micrographs of 
sectioned fibres and in fresh fibres stained with Janus green. There is a single 
nucleus which also lies in this peripheral sarcoplasm (Fig. 5). 
g. Arrangement of Fibrils 
The fibrils,  like  the  fibre,  are  ribbon-shaped.  Each  fibril lies with  one of 
its edges at the surface of the fibre and the other edge in the interior, where 
it nearly meets  the edge of a  fibril belonging to  the  other face of the fibre 
(Text-fig. 2 a  and Fig.  2); in other words,  the surfaces of the ribbon-shaped 
fibrils are perpendicular to the surfaces of the ribbon-shaped fibre. When an 
intact fibre is lying flat and is viewed from above, the fibrils are seen as lines, 
and it is possible to bring the two sets of fibrils, belonging to the two faces of 
the fibre, into view at the same time (Fig. 3). It is then found that the two 
sets are never parallel to each other or to the fibre axis, although all the fibrils 
in either set are parallel  (Text-figs. 2 b and 2 c). The size of the angle which 
the two sets make with each other depends on whether the fibre is contracted 
or extended. In a contracted fibre, the angle may be as much as 60  °, and the 
appearance of double oblique striation is very striking (Fig. 3); in such fibres, 
the fibrils lie at an angle of about 30  ° to the long axis (Text-fig. 2 c). In an 
extended fibre  (Fig.  5)  the  fibrils  are more nearly parallel  to  the  fibre axis 
( ~  5-10°),  and the  two sets therefore make a  smaller angle with each other 
(Text-fig. 2 b). 
This  comparison between extended  and  contracted fibres has  been  made 
on formaldehyde-fixed material obtained from muscles which either were held 
extended during fixation, or were left in the shortened state which the muscle 
coat assumes  when  the  sheets  of body wall  are  prepared for fixation.  Con- 
traction has  also  been  studied  in  glycerol-extracted fibres  (prepared  in  the 
extended  state)  treated  under  the  microscope  with  adenosinetriphosphate. 
The fibrils shorten, and remain straight as they contract, but the fibre usually 
tears, so that it has not been possible to study changes in orientation of the 
fibrils. 
It  has  not yet been possible  to  determine whether  the  fibrils pass  round 
the comer from one face of the fibre to the other; i.e.,  if  they are helically b 
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TExT-FIG. 2 a. Diagram of a transverse section through a longitudinal muscle fibre in the 
body wall of an earthworm. The fibre is ribbon-shaped, and associated with each surface is a 
set of Hbbon-shaped myofibrils, cut nearly but not quite transversely. 
TF~T-FIo. 2 b and c. Diagrams to show the arrangement of myofibrils  in extended and con- 
tracted intact muscle fibres from the longitudinal muscle coat in the body wall of L~mbr~.us. 
The fibres are ribbon-shaped and are depicted lying fiat. Full lines are fibrils belonging to one 
face of the ribbon; broken lines are fibrils belonging to the other face (see Text-fig. 2 a). In 
the longer fibre (b) the fibrils lie at an angle of l0  ° to the fibre axis, and the two sets of fibrils 
subtend an angle of 20  °. In the other fibre (c),  which is 50  per cent shorter, the fibrils lie 
at  an angle of 30  ° to the fibre axis, and the two sets of fibrils subtend an angle of 60°; the 
spacing of the fibrils in either set is greater than in the more extended fibre. 
115 116  SMOOTH  MUSCLE  FIBRES  IN  EARTHWORM 
arranged. However,  the width of a  fibril greatly decreases as it approaches 
the  edge  of  the  fibre  (Fig.  2).  When  fibres  are  mechanically disintegrated 
(Fig. 7)  the fibrils that are released are short and of such a  length that they 
could reach from edge to edge of the fibre but no further. 
The  free  fibrils prepared  from  glycerol-extracted material  contract  when 
they are  treated  with adenosinetriphosphate. 
In electron micrographs of thin sections through extended muscles, cut so 
that some of the fibrils are seen in cross-section, it is found that the width of 
a fibril at its widest part is about 2 #, and its thickness about 0.2 g. The lat- 
eral spacing of the fibrils within the fibre (i.e. the shortest distance from the 
centre of one fibril to  the  centre  of the next)  has been estimated in intact 
formaldehyde-fixed fibres  viewed  in  the  light  microscope.  The  number  of 
lines (fibrils)  seen in a  measured distance across the surface of the fibre was 
counted, and  the spacing was usually found to be  0.3 g  in extended fibres 
and 0.5 # in contracted fibres. 
3. Fine Structure of Fibrils 
The fibril shows the same structure along the whole of its length: A and I 
bands are  not differentiated. It  is made up  of conspicuous filaments (Figs. 
8 and 9) between which is material that sometimes appears to be filamentous, 
though no regularly ordered  structure has been recognised in it.  The main 
filaments lie parallel to  the long axis of the fibril. It is not known whether 
they are continuous along its entire length or terminate within it. They are 
always straight, even in muscles left free to shorten during fixation. There are 
approximately 100 filaments in a  typical cross-section through  a  fibril;  they 
are irregularly packed together, and the distance from the centre of one fila- 
ment to the centre of the nearest filament is usually about 500 A. The fila- 
ments appear to be solid, and they are approximately circular in cross-section; 
their diameters range from 120  to 300  A, the commonest values being near 
250  A.  Usually the filaments on the  surfaces of the fibril are  thinner  than 
those inside. 
4. Interfibrillar  Structures 
Lying between the fibrils are  other  structures,  the  arrangement of which 
is shown diagrammatically in Text-fig. 3. 
Isolated fibrils examined in  the electron microscope often show a  regular 
array of dense lines, each about 300 or 500 A wide and arranged at right an- 
gles to the fibril axis (Fig. 10); the spacing of these lines is fairly constant in 
any one fibril, but it varies between about  1250 and 2500  A  in different fi- 
brils. Many isolated fibrils completely lack these stripes or are partly denuded 
(Fig.  11).  In these preparations of isolated fibrils one often finds structures 
(Fig.  12)  of the same dimensions as the fibrils but consisting of the stripes 
and a  very disordered array of fine filaments, which are much thinner than HANSON  117 
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TEx'r-Fio. 3. Diagrams to show the arrangement of stripes  and bridges  in a muscle fibre 
from the longitudinal  muscle coat of  the body wall of Lumb~us. 
T~xT-F~G. 3 a.  A fibre  cut  in  transverse  section. 
TExT-FIG. 3 b.  An enlarged view of the region  marked in Text-fig.  3 a, showing seven of 
the fibrils  associated  with one face  of  the fibre.  The black regions (c--¢  and d-d) indicate  the 
cross-sectional  areas  of  the longitudinal  sections  depicted in  Text-figs.  3 ¢ and 4. These longi- 
tudinal  sections  were cut parallel  to the  fibril  axes and in  two di~erent planes relative  to the 
fibril  surfaces. 
TExT-Fzo. 3 c.  The stripes  and the  filaments  visible  in  a longitudinal  section  cut parallel  to 
the  faces  of  the  ribbon-shaped fibril, 
TExT-FIo. 3 aT. The stripes and bridges and filaments visible in a longitudinal section cut 
perpendicular to the faces of the fibrils. 118  SMOOTH  MUSCLE  FIBRES IN EARTHWORM 
the filaments of the fibrils (Fig. 13).  From these observations it seems likely 
that the stripes  are  situated only on the  surfaces of the fibrils from which 
they can be stripped away together, perhaps, with some of the interfilamen- 
tous  material to which they may be attached. The material composing the 
stripes is dense and non-fibrous (Fig. 13). 
A study of sectioned material (Text-fig. 3 and Fig. 14) has confirmed that 
the stripes lie only on the surfaces of the fibrils, and has given information 
about other interfibrillar structures, which appear to be damaged in glycerol- 
extracted material, but are quite well preserved by fixation of  fresh muscle. 
Each fibril bears stripes on only one of its two surfaces, and bridges extend 
from the stripes to the adjacent fibril (Text-fig. 3 d and Figs. 16 and 17).  In 
all the fibrils of one set, i.e.  those associated with one surface of the muscle 
fibre, the stripes are situated on the same side; thus, the bridges do not con- 
nect stripe to stripe, but they extend from the striped surface of one fibril to 
the  stripeless  surface  of  the  next fibril.  The  bridges have  about  the  same 
widths as the stripes, but are less dense. The interfibrillar spaces, crossed by 
bridges,  contain little material. Whilst glycerol extraction seems to  destroy 
the bridges, it does not damage the stripes. The bridges are only seen in longi- 
tudinal sections cut in or near the plane perpendicular to the surfaces of the 
fibrils (Text-fig. 3 d and Figs. 16 and 17).  In longitudinal sections cut  accu- 
rately in the other plane, ~.e. parallel to the surfaces of the fibrils, only the 
stripes are visible (Text-fig. 3 c and Fig. 15). 
In many longitudinal sections (Fig.  14),  and nearly always in fragmented 
material  (Figs.  10 and  13),  it is evident that every second stripe  along the 
length  of the fibril is wider than  the  others.  No  systematic study of fibres 
fixed at different lengths has yet been made, but most fibres held extended 
during fixation showed a  greater separation between the stripes  (e.g. 2500 A 
from centre to centre)  than fibres allowed to shorten during fixation, where 
the spacing was usually about 1250 A. 
DISCUSSION 
Some of the main differences in contractile behaviour between smooth and 
cross-striated muscles may eventually be accounted for by differences in the 
arrangement and behaviour of their myofilaments. Neither the present studies 
n earthworm muscles nor those of Mark (16) on mammalian uterine muscles 
have given enough information about  smooth muscles to justify making at 
• this t  me a detailed comparison with cross-striated muscles. However, it has 
been established that A and I  bands are not differentiated. Stated in terms of 
fine structure, this means that the main filaments are not confined to certain 
regions of the fibril as they appear to be in cross-striated muscle (5, 11) where 
the A  bands are differentiated from the rest of the fibril by their possession 
of such filaments. In the smooth fibril, the main filaments are present along 
the whole of its length, and this feature accounts for the fibril's uniform op- JEAt¢ HANSON  119 
tical density and birefringence in the light microscope. It cannot yet  be  de- 
cided whether these filaments are continuous from end to end of the fibril  or 
whether they are shorter. In the former case,  they must  contract when  the 
fibril contracts, for it has been found that they remain straight in contracted 
muscles. If, however, they are discontinuous along the length of the fibril, then 
it is conceivable that the system behaves in essentiaUy the same manner as a 
cross-striated system, in which it appears (3-6, 8, 10-14)  that changes in length 
are brought about by movements of two kinds of filaments alongside each other, 
thin filaments, thought to contain actin, sliding past thick filaments believed to 
consist mainly of myosin. However, until more is known about  the  arrange- 
ment of the main filaments in smooth myofibrils and about the structure of the 
material lying between them, it is unprofitable to continue these speculations, 
which have already been developed in more detail elsewhere (5). 
While the differentiation of A and I  bands is the most significant aspect of 
cross-striation  in  a  musde,  other features exist in  the  pattern  of striation, 
notably Z  and M  lines, one function of which seems to be to keep the fila- 
ments in register within the fibril. The stripes that have been found in the 
smooth muscle fibres of earthworms resemble Z  and M  lines and may serve 
a  similar purpose here.  It is suggested that they are  bound to the interfila- 
mentous material and that this in turn is bound to the filaments. The bridges 
which pass between the fibrils at the level of the stripes may be responsible 
for holding the fibrils in position in the fibre: it has been found that glycerol- 
extracted fibres tear when they are made to contract, and it is known that in 
such material the bridges have been destroyed. The stripes in earthworm mus- 
cles are of two kinds, like the Z and M  lines which alteruate along a  striated 
myofibril, and if their only function is to keep the filaments in position,  it is 
difficult to understand why, in a structure lacking A and I  bands,  the stripes 
are differentiated in this way. It is possible,  however, that they and the bridges 
are also concerned in another aspect of contraction, namely conduction of the 
excitatory stimulus. A. F. Huxley and Taylor (9)  have demonstrated that  in 
frog musde fibres, a non-propagated stimulus  for contraction can be transmitted 
inwards from the surface when it is applied at I  band level, but not at A band 
level; they have suggested that the Z lines convey the stimulus. 
The  present  studies  have  drawn  attention  to,  but  left  unanswered,  two 
important questions about muscle fibres of this type. Firstly, are  the  fibrils 
helically arranged and, if so, what is the significance of a hdical arrangement 
of the contractile material inside a  muscle fibre? Secondly, are the filaments 
in the fibrils contractile, or is shortening of the fibrils brought about in some 
other way, for example, by movements alongside each other of interdigitating 
filaments? 
I am much indebted to Professor J. T. Randall and Dr. H. B. Fell for their encouragement 
of this research. To Professor Randall I  am also most grateful for his cooperation in taking 
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investigation. The studies on thin sections by electron microscopy  were made in the Depart- 
ment of Biology, Massachusetts Institute of Technology; I  am very grateful to Professor 
Francis O. Schmitt for extending to me the facilities of his laboratory and for his encourage- 
ment of this work, to Dr. A. J. Hodge, Dr. H. E. Huxley, and Dr. D. Spiro for the use of the 
microtome they designed, and to The Rockefeller Foundation for the financial and  many 
other benefits of a Fellowship. To Dr. H. E. Huxley I am greatly indebted for the influence 
exerted on the present studies by our  collaborative research on cross-striated muscles. I 
have also profited by discussing smooth muscles with Dr. J. Lowy. 
SUMMARY 
1.  The  structure  of  the  smooth  muscle  fibres  in  the  longitudinal  muscle 
coat of the body wall of Lumbricus terrestris has been  investigated  by  phase 
contrast light microscopy and electron microscopy. 
2.  The muscle fibre is ribbon-shaped,  and attached  to each of its two sur- 
faces is a  set of myofibrils. These are also ribbon-shaped,  and  they lie with 
their surfaces perpendicular to the surfaces of the fibre, and their inner edges 
nearly meeting in the middle of the fibre. These fibrils are oriented at an angle 
to the fibre axis, and diminish greatly in width as they approach the edge of 
the fibre. The orientation of the set of fibrils belonging to one surface of the 
fibre is  the  mirror image of  that  of  the  set belonging  to  the  other  surface; 
thus,  when  both  sets are in view in a  fibre lying fiat on one face,  the fibre 
exhibits double  oblique  striation.  A  comparison of extended  and  contracted 
fibres indicates that as the fibre contracts,  the angle made between fibre and 
fibril axes increases (e.g. from 5  to 30  °)  and so does the angle made between 
the two sets of fibrils (e.g. from 10 to 60°). 
3.  The  myofibril,  throughout  its  length,  contains  irregularly  packed  fila- 
ments,  commonly 250  A  in diameter,  which  are parallel  to its long axis and 
remain straight in contracted muscles. Between them is material which prob- 
ably consists of much finer filaments. Thus A  and I  bands are absent. 
4.  Bound to one face of each fibril, but not penetrating inside it, is a  reg- 
ularly spaced series of transverse stripes. They are of two kinds,  alternating 
along  the  length  of the  fibril,  and  it  is  suggested that  they are  comparable 
to the Z  and M  lines of a  cross-striated fibril. The spacing of these stripes is 
about 0.5/z ("Z" to "Z") in extended muscles, and 0.25 ~  in contracted mus- 
cles. A  bridge extends from each stripe across to the stripeless surface of the 
next fibril. 
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EXPLANATION OF PLATES 
PLATE 17 
Muscle fibres from the longitudinal muscle coat in the body wall  of Lumbricu$ 
terrestr~s. 
FIG. I. Light micrograph. Polarised light. Part of one formaldehyde-fixed isolated 
muscle fibre which is ribbon-shaped and has been folded.  X  150. 
FIG.  2.  Electron  micrograph.  Section  passing  transversely  through  two  muscle 
fibres, in which the ribbon-shaped fibrils (F) cut nearly but not quite transversely, can 
be seen (see Text-fig. 2 a). The fibres,  also, are ribbon-shaped, and one edge of each 
fibre appears in this micrograph. The fibrils are narrower (from inside edge to outside 
edge) where they lie at the edge of the fibre than where they lie in the middle of the 
fibre.  Fresh muscle fixed in osmium tetroxide and stained with phosphotungstic acid. 
X 4200. 
FIGS. 3 and 4. Light micrographs. Phase contrast. 
FIG. 3. Part of an intact formaldehyde-fixed confronted musde fibre showing double 
oblique striation, the lines of which are the fibrils  (see Text-fig. 2 c). The fibre is lying 
flat on one face and the fibrils belonging to both its faces are visible.  X  1675. 
FIG. 4. An enlarged view of part of a similar fibre.  X  2100. 
FIGs. 5 and 6. Light micrographs. Phase contrast. 
Fro. 5.  Part  of an intact formaldehyde-fixed extended  muscle fibre in which the 
fibrils  lie at a slight angle to the fibre axis (compare with Fig. 3 and see Text-fig. 2 b). 
The single nucleus of this fibre appears in the photograph; it lies peripherally.  ×  1675. 
FIG. 6. An enlarged view of part of Fig. 5.  X  2720, 
FIG. 7. Light micrograph. Polarised light. Part of a muscle fibre from a suspension of 
homogenised formaldehyde-fixed muscle; it is disintegrating into fibrils.  ×  1400. THE  JOURNAL  OF 
BIOPHYSICAL AND  BIOCHEMICAL 
CYTOLOGY 
PLATE  17 
VOL.  3 
(Hanson: Smooth muscle fibres in earthworm) PLATE 18 
Electron micrographs of structures inside muscle fibres from the longitudinal  muscle 
coat in the body wall of Lumbricus terrestris. 
FIG. 8. Transverse sections through fibrils lying near the edge of a fibre (see Fig. 2). 
Filaments cut in cross-section  are visible. Glycerol-extracted muscle, fixed in osmium 
tetroxide and stained with phosphotungstic acid.  >(  100,000. 
FI6.9. Oblique section through a fibril showing the filaments and the interfilamen- 
tous material. Glycerol-extracted muscle, fixed in osmium tetroxide and stained with 
phosphotungstic acid.  ×  160,000. 
FI6. 10.  Part of an intact isolated fibril with transverse stripes on its surface.  These 
are of two kinds, which alternate. Fixed in formaldehyde and stained with phospho- 
tungstic acid.  X  18,000. 
FI6. 11. Parts of two isolated fibrils, one of which has lost its stripes. Fixed in for- 
maldehyde and shadowed.  ×  38,000. 
Fro.  12. Part of a  striped structure which is thought to have been stripped off a 
fibril (see  Fig.  10). Fixed in formaldehyde and stained with phosphotungstic acid. 
×  22,500. 
Fro. 13. Part of a structure like that in Fig. 12. Stripes of two kinds are visible, as 
well as filaments which are thinner than the main filaments of the fibrils (compare 
with Fig. 9). Fixed in formaldehyde and shadowed.  X 60,000. THE  JOURNAL  OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE  18 
VOL.  3 
(Hanson: Smooth muscle fibres in earthworm) PLATE 19 
Electron micrographs of sections through muscle fibres in the longitudinal muscle 
coat of the body wall of Lumbricus  terrestris. Fresh muscle fixed in osmium tetroxide 
and stained with phosphotungstic acid. 
FIG. 14. A section passing longitudinally through several fibres; in some places (1) 
the fibrils have been cut obliquely, and in others (2) longitudinally (see Text-fig. 2). In 
some places (3)  the fibrils have been cut in the plane parallel to their faces and  show 
the stripes, and in other places (4) in the plane perpendicular to their faces and show 
the bridges (see Text-fig. 3).  ×  12,000. 
FIG. 15.  A section passing longitudinally through a fibre in the plane parallel to the 
faces of the fibrils (see Text-fig. 3) so that the stripes can be seen.  ×  18,000. 
FIG. 16. A  section passing longitudinally through a  number of fibrils which have 
been cut in the plane perpendicular to their faces (see Text-fig. 3) so that the bridges 
can be seen.  ×  18,000. 
FIG. 17. A section similar to that in Fig. 16. ST, stripe; BR, bridge. X  48,000. THE  JOURNAL  OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE  19 
VOL.  3 
(Hanson: Smooth muscle fibres in earthworm) 